In this addendum we prove the Lemma given in the class notpaga 13.

Lemma: LetS C X andT = N,(S5) # Y. Set

{(x) +y) —w(z,y)}

ay = min
€S yET

and
Ulw)y=X Lv)+a, fveT
((v) otherwise

{K(v)ag ifvesS

Then/ is a feasible labeling and
) If (z,y) € Ey forz € S,y € T then(z,y) € Ep .
(i) If (z,y) € Ey forz & S,y & T then(z,y) € Ep .
(iii) There is some edgér, y) € By forx € S,y ¢ T

Proof.: By definitionvVx € X,y € Y we havel(x) + ((y) > w(z,y).
Furthermore, ifz,y) € E, thenl(z) + ((y) = w(z,y).

There are four types of edgés, y): For each type of edge we need to show that
the feasible labelling conditiofi(z) + ¢'(y) > w(x, y) holds. We also need to show

that (i) (ii) and (iii) are correct.

l.xeSyel:
Thenl'(x)+0'(y) = l(x)—a+Ll(y)+a = L(z)+L(y). Sol' (z)+0 (y) > w(z,y)
andif(x,y) € E,then(z,y) € Ep.

2. x ¢ S,yeT:
Then?'(z) + ¢'(y) = 4(x) + £(y) so, as in the previous casl(z) + ¢'(y) >
w(z,y) andif (z,y) € E, then(z,y) € Ep.

.x¢gSyeT:
U(x) +0(y) = U(z) + a+L(y) sol'(x) + '(y) = w(z,y)

4. e Syg¢T:
First note that, by the definition of the problem y) ¢ E,.
Thusoy = mingeg yer{l(z) + ((y) —w(z,y)} > 0.
This impliest’(z) + ¢'(y) — w(x,y) = L(z) + L(y) — a — w(z,y) >0
sol'(z)+ 0'(y) > w(z,y).

Letz' € S,y € T such that(z') + ((y') — w(z,y) = a. Then(a',y') isin E,.

We point out that in the running of the Hungarian algorithmalways have the
property that edges it/ are either in(S,T") or S, T' (this can be proven by induction)
so, when we upgradg, to Ey in step 3, our matching/ in E, remains a matching of

Ey.



